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AN IMrESTIGATION OF THE PERF’ORMCWCE OF A SEMTELLlPTICAL 

SCOOP INLET AT MACH NUMBER3 OF 1.60, 1.76, AND 2.02 

By Clyde Hayes and W e s t  A. Mackley 

SUMMARY . 
An experimental investigation has been made of the performance of 

This investigation included a study of %he 
a semielliptical scoop inlet having a two-dimensional flaw field at< the 
design Mach number of 2.0. 
effects of inlet-leading-edge shape and boundary-layer bleed on the pres- 
sure recovery and total-pressure distribution. 
marily at a Mach nuniber of 2.02. One configuration, hawever, was also 
tested at Mach numbers of 1.76 and 1.60 to determine the effects of free- 
stream Mach number. 

The tests were run pri- 

4 The use of boundary-layer bleed near the inlet throat on both the 
diverter side and compression side resulted in an increase of pressure 
recovery from 0.83 to 0.9 at Mach n d e r  2.02 with an increase of criti- 
cal mass-flow ratio of 0.05 and improvement of the total-pressure distri- 
bution in the circumferential direction. Without boundary-layer bleed, 
improved starting and increased pressure recovery resulted from cutting 
slots in the leading edge or otherwise relieving the leading edge near 
the diverter. 
result in improved starting and higher pressure recovery decreased the 
subcritical stability range. The configuration tested at Mach numbers 
of 1.76 and 1.60 in addition to 2.02 showed that the effect of free- 
stream Mach number on the pressure recovery and entering-mass-flow ratio 
was small; the pressure recovery increased from 0.89 to 0.91 as the Mach 
number was decreased from 2.02 to 1.60. 

Generally, however, modifications to the inlet which 

The performance of a buzz suppressor, a device to extend the stable 
subcritical mass-flow range of the inlet, and of rearward-facing control 
tubes, designed to provide a signal for operation of bypass doors, wss 
also investigated. 
and 1.76 and was  found to increase the stable subcritical range from 0.02 
to 0.30 at Mach number 2.02 and from 0.08 to 0.24 at Mach number 1.76. 
The rearward-facing control tubes, located near the throat of the inlet, 
were tested at Mach numbers 2.02, 1.76, and 1.60 and were found to indi- 

The buzz suppressor was tested at Mach numbers 2.02 

cate the normal-shock position at Mach-number 2.02; however, at Mach num- 
bers 1.76 and 1.60, the shoc not be precisely determined. 

., 
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The design of a rectangular supersonic scoop inlet having high pres- 
sure recovery and low drag has been reported in reference 1. A similar 
inlet can be designed having a semielliptical frontal cross section by 
tracing the streamlines bounded by this shape through a two-dimensional 
flow field with the use of the method described in reference 2. The 
resulting inlet design has the two-dimensional flow. field without the 
structural problems of a rectangular inlet. 

The inlet tested in this investigation was a wing-root adaptation of 
the semielliptical cross-section inlet as designed by an aircraft manufac- 
turer. The purpose of this investigation was to develop this design 
into an inlet suitable for application on a specific airplane. The 
effect of inlet-leading-edge shape and internal boundary-layer bleed on 
the total-pressure recovery and distribution at the compressor-face 
station have been determined. Tests were made of a device to extend the 
stable subcritical mass-flow range of the inlet and of rearward-facing 
total-pressure tubes near the inlet throat to be used for control purposes. 

A l/l0-scale model of the inlet was tested in a jet facility of the 

6 Langley gas dynamics laboratory at Mach numbers of 2.02, 1.76, and 1.60 
at zero angle of attack and Reynolds numbers of 2.05, 2.14, and 2.26 X 10 
per inch, respectively. A 
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SYMBOLS 

area, sq in. 

estimated inlet projected area, 4.22 sq in. 

height of buzz suppressors, measured from diverter to outside 
corner, in. 

free-stream Mach number 

inlet mass flow, slugs/sec 

bleed mass flow, slugs/sec 

mass flow at free-stream conditions through a stream tube of 
cross-sectional area equal to the estimated inlet projected 
area, slugs/sec 

static pressure, lb/sq ft 
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P C  control-tube pressure, lb/sq f t  

diffuser-exit  t o t a l  pressure, measured at  survey rake ( s t a t i o n  %,e 
39.60) , lb/sq f t  

pt,a, 

W a  weight air flow, lb/sec 

free-stream t o t a l  pressure, lb/sq f t  

6 r a t i o  of engine-inlet t o t a l  pressure t o  absolute s t a t i c  presswe 
of NACA standard atmosphere a t  sea l eve l  

0 r a t i o  of absolute engine-inlet t o t a l  temperature t o  absolute 
s t a t i c  temperature of NACA standard atmosphere a t  sea l e v e l  

DESCRIPTION OF THE mDEL 

A schematic drawing of the  semiel l ipt ical  i n l e t  model i s  shown i n  
f igure 1, and a photograph of the model and tunnel with one s ide  w a l l  
removed i s  shown i n  f igure 2. 
of the fuselage, and was rotated s o  tha t  the i n l e t ,  located a t  the  root 
of the right-hand wing, was upright. All direct ions used herein a re  
r e l a t i v e  t o  the airplane axes i n  i t s  normal a t t i tude .  The simulated 
fuselage ahead of the i n l e t  w a s  alined with the flow, and i t s  length was 
such t h a t  any disturbance from the leading edge of the fuselage would 
miss the  in l e t .  The forward end of the simulated fuselage forrned a scoop 
t o  remove the stream tube ahead of the fuselage. 

The model simulated a portion of one s ide 

Internal ly ,  the duct was simulated back t o  the compressor-face s ta -  
t ion;  one-half of the engine accessory housing was a l so  simulated. Since 
the wing and i n l e t  were located above the center l i n e  of the  engine, the 
duct turned downward as well as inward t o  the center l i ne .  Located a t  
the compressor-face s t a t ion  w a s  a rake with 29 total-pressure tubes and 
5 static-pressure tubes i n  the duct wall. Behind the rake, t he  duct 
turned downward and was connected through external  piping t o  an o r i f i c e  
flowmeter and t h r o t t l i n g  valves, as i n  reference 1. 

The contraction r a t i o  of the in l e t  was varied by means of a movable 
compression surface which, i n  the forward posit ions,  increased t h e  con- 
t r ac t ion  and w a s  designed t o  be operated in  f l i g h t  according t o  a Mach 
number schedule. The area variation of the duct is  shown i n  f igure 3 
f o r  four positions of the compression surface. 
of the throat  of the i n l e t  with movement of the compression surface i s  
,also indicated i n  f igure 3. 
sion wave occurred a t  the leading edge of the movable compression surface. 

The change i n  the  locat ion 

A t  a Mach number of 2.02, the  i n i t i a l  compres- 
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b 
Ahead of t h i s  surface, the in t e rna l  contour of the  i n l e t  w a s  a l ined with 
the  flow a t  zero angles of a t tack and yaw. With the  compression surface 
i n  the most rearward posit ion,  there was  a s l i g h t  amount of compression 
ahead of t he  movable compression surface. 

T 

Details of the model are  shown i n  f igure 4. Leading edge I 
( f i g .  4 (a ) )  was sharp, although swept behind the shock wave from the  
outboard t i p  of the i n l e t  a t  the design Mach number of 2.0. Leading 
edges I1 and I11 were sharp only near the outboard t i p ,  since they were 
formed by cut t ing back leading edge I and rounding off the resu l t ing  
blunt leading edge. 

The two fuselage boundary-layer d iver te rs  a re  shown i n  f igure  4 (c ) .  
Either diver ter  A or  B was used f o r  a l l  t e s t s  t o  d iver t  the boundary layer 
on the  simulated fuselage ahead of the i n l e t .  Diverter A was designed f o r  
removal of the boundary layer  on the  d iver te r  by means of a vacuum pump. 
Removable p la tes  forming a portion of the  inboard duct wall  were used t o  
f a c i l i t a t e  changing the s l o t  configurations. The compartment immediately 
behind the p la te  was connected t o  the external  vacuum system through four 
tubes. 
s imilar  t o  tha t  used t o  measure the i n l e t  mass flow, located i n  the  
external piping t o  the vacuum system. Bleed mass flow was varied by a 
th ro t t l i ng  valve downstream of the flowmeter. Diverter B w a s  designed 
t o  exhaust the d iver te r  bleed a i r  t o  the  f r e e  stream. 
from a small compartment beneath the d iver te r  s l o t s  through downstream- 
facing ex i t s  a t  the rear  of each side of the  d iver te r .  Since the s p l i t t e r  
p l a t e  of d iver te r  B was wider than t h a t  of d iver te r  A, it w a s  a l so  longer 
t o  keep the same angle a t  the t i p .  Both d iver te rs  were at  an angle of 4 O  
from the v e r t i c a l  axis ,  t o  f i t  the  contour of the fuselage, and canted 
downward 2A0 from the free-stream direction. 

The bleed-air mass flow w a s  measured with a s m a l l  flowmeter, 

The air passed out 
9 

2 

The boundary-layer d iver te r  height w a s  0.27 inch f o r  d iver te r  A and 

Since only a small section of the 
0.30 inch for diver te r  B. 
calculated f o r  the complete fuselage. 
fuselage w a s  simulated i n  t h i s  investigation, the  d iver te r  height w a s  
unnecessarily large; however, changing the  d iver te r  height would have 
changed the i n l e t  configuration. Shadowgraphs showed t h a t  the d iver te r  
height was approximately twice the  boundary-layer thickness f o r  these 
tests. 

This height w a s  based on the boundary layer  

In  t h i s  paper the  i n l e t s  w i l l  be designated as t o  the  leading edge 
For example, t he  i n l e t  using leading and diver ter  t h a t  a r e  being used. 

edge I1 with d iver te r  B w i l l  be referred t o  as  i n l e t  11-B. 

The s l o t  configurations used with d iver te r  A and the  vacuum system 
a re  shown i n  f igure 4(d) .  Where the  s l o t s  extend ahead of the removable 
plate ,  they were cut i n t o  the  duct wall. The s l o t  configuration used A 

with diver ter  B was s i m i l a r  i n  s l o t  location t o  configuration 7, and i s  
shown i n  f igure  4 (c ) .  

7 
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The location of the  s l o t s  used for  boundary-layer bleed on the com- 
pression surface a re  sham i n  f i g u r e  4 ( e ) .  Grooves cut i n t o  the  back of 
t he  compression surface carr ied t h e  bleed a i r  from t h e  s l o t s  t o  the 
compression-surface suction compartment. The compression-surface access 
door served as an ex i t  fo r  bleed air through external  piping t o  the  
vacuum pumps. Suction on the compression surface could be used only i n  
conjunction with diver ter  B. 

The buzz suppressors shown i n  figure 4 ( f )  were used t o  s t a b i l i z e  the 
normal shock ahead of the  i n l e t  and t o  obtain s tab le  i n l e t  flow a t  mass- 
flow r a t i o s  lower than the values obtainable with the  basic i n l e t .  
Although i n  an ac tua l  i n s t a l l a t i o n  they would be re t rac ted  and only 
extend a t  the  s tar t  of buzz, f o r  the present t e s t s  they were s ta t ionary.  
Each posit ion of the buzz suppressors was simulated by soldering a s e t  
of appropriately contoured pieces t o  t he  d iver te r .  Not shown on the  
drawing are  small t r iangular  braces behind the  buzz suppressors f o r  added 
s t rength needed f o r  t he  t e s t s .  These were so located as t o  minimize 
interference with the  perforations, and where necessary, were cut away 
t o  allow f r ee  flow of air through t h e  perforations.  

Details of the  control  tubes, which were used t o  obtain a s igna l  I 

f o r  operation of bypass doors, are  shown i n  f igu re  4 (g ) .  
i n s t a l l e d  on the inboard w a l l  of the duct and were located on the  portion 
of t he  duct t h a t  w a s  removable with the d iver te r .  The tubes face down- 
stream and were staggered t o  minimize interference with each other. 

These were 
I 

PROCEDURE 

Most of the  t e s t s  were run a t  a Mach number of 2.02. Tests of 
leading edge I11 with d iver te r  B ( i n l e t  111-B) were a l so  made a t  Mach 
numbers of 1.76 and 1.60. All t e s t s  were made a t  zero angles of a t tack  
and yaw, and only pressure and mass-flaw measurements were made. 

Measurements of t he  settling-chamber pressure and s t a t i c  pressure 
a t  the  i n l e t  flowmeter were made using Bourdon tube gages. 
differences across the o r i f i ce s  of both flowmeters were measured with 
tetrabromoethane-fi led U-tubes . 
made using mercury-filled manometers. 

The pressure 

All other pressure measurements were 

The total-pressure tubes of the rake a t  the  compressor-face s t a t i o n  
were arranged i n  f i v e  r a d i a l  rows of f i v e  tubes each, as sham i n  f i g -  
ure 1. 
average of these 25 tubes was equivalent t o  =ea-weighting of the  pres- 
sure recovery. 

The tubes were spaced i n  each r a d i a l  row so t h a t  a numerical 
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The mass-flow r a t i o  through the model w a s  calculated from the  or i -  
f i c e  d a t a b y  using an i n l e t  projected a rea  of 4.22 square inches. 
t he  projected i n l e t  f ron ta l  area increased with increasing leading-edge 
sweep (greater than 5 8 O )  and the  rounded leading edges on these config- 
urations made the  determination of t he  exact amount of t h i s  increase 
d i f f i c u l t ,  a constant value was used fo r  t he  theore t ica l  free-stream 
capture area. 
various i n l e t  configurations tes ted .  Maximum mass-flow r a t i o s  greater  
than 1 .0  indicate t h a t  the t rue  area w a s  greater  than 4.22 square inches; 
t he  mass-flow r a t i o s  a re  therefore consis tent ly  high. This w a s  a l s o  t rue  
of the bleed-mass-flow data, which were a l so  based on the same projected 
area.  

Since 

This f a c i l i t a t e d  the comparison of mass-flow da ta  of t h e  

Buzz w a s  detected by observation of the  flow during the  runs with a 
schlieren system. Since buzz i n  t h i s  type of i n l e t ,  and with high densi ty  
flow, i s  readily discernable, t h i s  method of buzz detection w a s  qu i te  
adequate. 

The accuracy of the  pressure recovery and mass-flow r a t i o s  were 
estimated t o  be accurate within +2 percent. 

The d is tor t ion  as referred t o  i n  the discussion of the  data  herein 
i s  defined as t h e  difference between the  m a x i m u m  and minimum l o c a l  t o t a l -  
pressure recovery divided by the  average pressure recovery. 

RESULZS AND DISCUSSION 

Performance of I n l e t s  Without Boundary-Layer Bleed 

The pressure recovery obtained a t  Ea, = 2.02 
or iginal ly  designed ( i n l e t  I - A )  i s  shown as a function of mass-flow r a t i o  
i n  f igure 5(a) .  The c r i t i c a l  pressure-recovery value of 0.72 w a s  qu i te  
low, corresponding t o  normal-shock pressure recovery. Observation of 
t h e  flow by means of a schlieren system indicated t h a t  a t  very low back 
pressure the i n l e t  s tar ted,  but as back pressure w a s  increased the i n l e t  
became unstarted, with an abrupt change i n  the  flow pat tern.  The shadow- 
graphs of f igure  5(c)  show the  two flow pat terns .  This i n l e t  could be 
completely s t a r t ed  f o r  the  maximum mass-flow-ratio point only; a l l  other 
da ta  points correspond t o  an unstarted condition similar t o  t h a t  shown 
i n  the  second shadowgraph. The total-pressure d is t r ibu t ion  ( f ig .  5(b)) 
w a s  re la t ive ly  f l a t  due t o  the  absence of a high-pressure core, usually 
associated with higher pressure recoveries a t  these Mach numbers. 

with the i n l e t  as 

The i n l e t  was modified t o  configuration I a - A ,  as shown i n  f igu re  4 ( a ) .  
A s l o t  was cut i n  the  leading edge i n  each s ide  a t  t he  junction of t he  L 

i n l e t  and d iver te r .  The purpose of these s l o t s  w a s  t o  eliminate the 
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abrupt change i n  the  forward movement of the  normal shock wave w i t h  
increasing back pressure by allowing sp i l lage  behind the normal shock 
as it moved ahead of the  s l o t s .  The e f f ec t  of t he  s l o t s  on the  pressure 
recovery and mass flow i s  shown i n  f igure 6. 
e ry  w a s  0.81 compared with 0.72 without s lo t s ,  and the mass-flow r a t i o  
decreased about 5 percent with no subcr i t ica l  s t a b i l i t y  range. 

The c r i t i c a l  pressure recov- 

An addi t ional  s l o t  w a s  added t o  the lower inlet  w a l l  normal t o  the  
free-stream direction, as sham i n  figure &(a ) .  
s l o t  w a s  t o  bleed off some of t h e  boundary layer  building up ins ide  the  
i n l e t  and possibly t o  allow the  normal shock t o  move downstream. 
configuration (inlet =-A) shared a very small increase of pressure recov- 
ery and mass-flow r a t i o  over t h a t  of inlet Ia-A, and l i k e  i n l e t  Ia -A w a s  
without any subc r i t i ca l  s t a b i l i t y  range. 

The purpose of this 

T h i s  

The improvements i n  pressure recovery obtained by the  modification 
of leading edge I resul ted i n  t h e  design of leading edge 11. 
f i g .  &(a)  .) The leading edge was cut back t o  the downstream end of t h e  
previously cut s lo t s ,  thereby increasing the  sweep angle of the  leading 
edge t o  6 5 O .  The performance of t h i s  i n l e t  ( i n l e t  11-A) i s  a l so  sham 
i n  f igure  6. 
leading-edge configuration, and t h e  c r i t i c a l  mass-flow r a t i o  w a s  decreased 
about 2 percent. 
w a s  nonexistent f o r  i n l e t  Ia-A and inlet l3-A. 

(See 

The pressure recovery w a s  s l i g h t l y  higher than the or ig ina l  

I n l e t  11-A did have some subc r i t i ca l  s t a b i l i t y ,  which 

The total-pressure dis t r ibut ions of i n l e t s  Ia-A, n - A ,  and 11-A a re  
presented i n  f igure  7. 
recovery i n l e t s  a re  not as f l a t  as that  of i n l e t  I -A  due t o  the  presence 
of a high-pressure area near the center of t he  duct. The total-pressure 
d is t r ibu t ion  of all three i n l e t s  were similar, having the  same maximum 
and minimum pressures, the only difference being small differences i n  t h e  
locat ion of the  high-pressure cores. 

The total-pressure d is t r ibu t ions  f o r  these higher 

Shadowgraphs of i n l e t s  I a - A  and 11-A a re  shown i n  f igure  8. The 
shadowgraphs of i n l e t  la-A indicate  that f o r  supe rc r i t i ca l  operation a 
normal shock is  standing ahead of the downstream end of the  s l o t s  instead 
of moving dam the  duct. 
t h e  d iver te r  f o r  c r i t i c a l  operation than fo r  i n l e t  I-A. The shadowgraphs 
of i n l e t  11-A show tha t  t he  normal shock w a s  a t  approximately the  same 
location as i n l e t  I a - A  f o r  both supercr i t ica l  and c r i t i c a l  operation. 

The flow for  i n l e t  I a - A  w a s  much cleaner near 

Effect of Diverter Boundary-Layer Bleed 

The ef fec t  of diver ter  boundary-layer bleed on t h e  pressure recovery 
and mass-flow r a t i o  through t h e  duct of i n l e t s  Ia-A and 11-A are shown i n  
figure 9. 
figure 4 (c ) .  

The diver ter  boundary-layer s l o t  configurations a re  shown i n  
With i n l e t  Ia-A, f igure g(a) , s l o t  configuration 1 with a 

bleed-mass-flow r a t i o  of 0.03 reduced. t he  mass-flow r a t i o  with no change - 
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i n  pressure recovery. Configurations 3, 4, and 7 increased both maximum 
pressure recovery and c r i t i c a l  mass-flow ra t io .  The bleed-mass-flow - 
r a t i o  used for configuration 7 was 0.03 at low back pressure, increasing 
t o  0.06 at maximum back pressure. 
f igurations 3 and 4 are estimated a t  approximately the  same as f o r  con- 
f igurat ion 7, although complete data  a re  not available.  Use of d iver te r  
bleed allowed t h e  normal shock t o  move fa r ther  downstream i n t o  the  i n l e t  
and gave gains i n  mass-flow r a t i o  over t h a t  of i n l e t  I a - A  without 
diver ter  bleed by reducing the spi l lage.  

The bleed-mass-flow r a t i o s  f o r  con- 

With i n l e t  11-A, f igure 9(b) ,  t he  use of diver ter  bleed through 
s l o t  configuration 3 resulted i n  the  highest pressure recovery, almost 
0.87, and the use of diver ter  bleed through configuration 2 resul ted i n  
t h e  highest critical mass-flow r a t i o .  
increases i n  c r i t i c a l  mass flow over the  no-bleed configuration but  very 
l i t t l e  increase i n  pressure recovery. 
was greater w i t h  configurations 4 and 7 than the  no-bleed configurations, 
whereas configurations 2 and 3 had very l i t t l e  subcr i t ica l  s t a b i l i t y ;  
t h e  absence of subcr i t ica l  s t a b i l i t y  seemed t o  be concomitant with con- 
figurations having improved pressure recovery. 
flow r a t i o  f o r  configuration w a s  0.04 a t  low back pressure and 0.03 at 
high back pressure; configurations 3 ,  4, and 7 had bleed-mass-flow r a t i o s  
of 0.05 and 0.08. 

Configurations 4 and 7 gave 

The subc r i t i ca l  s t a b i l i t y  range 

The diver ter  bleed-mass- 

-7 Figure 9(c) shows the performance of two bleed configurations con- 
s i s t i n g  of three rows of 1/16-inch-diameter holes; configuration 6 had 
small additional s l o t s  ahead of t he  holes. Gains of both pressure recov- 
ery and c r i t i c a l  mass-flow r a t i o  were made over t he  no-bleed configura- 
t ion ,  but were not quite so good as  the be t t e r  of the  slot-type config- 
urations; t he  subcr i t ica l  s t a b i l i t y  range w a s  greater f o r  the hole-type 
configurations. 
t ions  was approximately 0.02. 

The bleed-mass-flow r a t i o s  f o r  t he  hole-type configura- 

The total-pressure d is t r ibu t ion  a t  the  compressor-face s t a t ion  f o r  
i n l e t s  Ia-A and 1 1 - A  a re  shown i n  figure 10. 
compared w i t h  those of f igure 7 f o r  i n l e t s  I a - A  and 11-A show tha t ,  both 
w i t h  and without diver ter  boundary-layer bleed, t he  maximum-minus-minimum 
t o t a l  pressure w a s  approximately 10 percent of the average w i t h  t he  high 
pressure regions spread out circumferentially as a r e s u l t  of d iver te r  
suction. This e f fec t  was more pronounced f o r  i n l e t  11-A.  

These dis t r ibut ions when 

Shadowgraphs of i n l e t  11-A with d iver te r  boundary-layer configura- 
t i o n  7 are shown i n  figure 11. 
by comparing f igure 11 w i t h  t h e  shadowgraphs of i n l e t  1 1 - A  without 
d iver te r  bleed i n  f igure 8. 
junction of the  leading edge and the  d iver te r  moved downstream i n t o  t h e  
i n l e t  with the use of diver ter  bleed, and t h e  flow entering the i n l e t  
w a s  nearly completely supersonic. 

The e f fec t  of diver ter  bleed can be seen 

The normal shock which stood ahead of t h e  

A 
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Effect of Leading-Edge Sweep Angle 

The use of an i n l e t  having an upper leading edge of l e s s  sweep than 
t h a t  of the o r ig ina l  design w a s  contemplated i n  the  event t h a t  adverse 
angle-of-attack e f fec ts  were encountered with the  or ig ina l  design. In  
order t o  check the  adverse e f fec t  of addi t ional  boundary layer  on t h e  
upper surface a t  zero angle of attack, tests were made of the i n l e t  w i t h  
d iver te r  A and s l o t  configuration 7 and with an upper leading edge of 
varying sweep. 
ure 4(b) .  The r e su l t s  of these t e s t s ,  presented i n  f igure  12, show a 
trend of decreasing pressure recovery and mass-flow r a t i o  with decreasing 
upper-leading-edge sweep angle. 
pa t te rn  of the entering flow; the performance, however, indicates  t h a t  
the  addi t ional  boundary-layer buildup on the  extended leading edge (sweep 
angle l e s s  than 58') did not permit the i n l e t  t o  become s ta r ted .  
58O-65' ( 5 8 O  upper-leading-edge sweep and 6 5 O  lower-leading-edge sweep) 
i n l e t  showed good mass-flow character is t ics ,  the maximum mass-flog r a t i o  
being approximately the  same as that of i n l e t  11-B and thereby indicat ing 
t h a t  t he  i n l e t  had s ta r ted .  The mass flow did not decrease as  rapidly 
with increasing pressure recovery as f o r  i n l e t  11-B and w a s  higher a t  
t he  c r i t i c a l  point.  The c r i t i c a l  pressure recovery, however, w a s  0.03 
lower than t h a t  of i n l e t  11-B. 
leading-edge cutback beyond t h a t  of i n l e t  11-B (58'-71') showed poor 
performance, possibly due t o  excessive sp i l lage  a t  the  lower leading edge. 
A l l  configurations tes ted  i n  t h i s  phase of t he  program resu l ted  i n  a loss 
of pressure recovery of a t  l e a s t  0.02, and with the  exception of t he  
58O-65' i n l e t ,  i n  losses  of entering-mass-flow r a t i o  of a t  l e a s t  0.02 
from configuration i n l e t  11-A with bleed s l o t  configuration 7. 

Details of the  modified leading edges a re  shown i n  f ig -  

Very l i t t l e  could be seen of the  shock 

The 

The inlet configuration having t h e  lower 

Total  pressure dis t r ibut ions of the i n l e t s  with decreased leading- 
edge sweep a re  shown i n  f igure 13. The d is t r ibu t ions  f o r  the oo-65O, 
2oo-65O, and 360-650 leading edges are similar with small difference i n  
m a x i m u m  pressure recovery a t  the  center of the duct and are similar t o  
tha t  of configuration 11-A. 
total-pressure d i s t r ibu t ion  i n  both r a d i a l  and circumferential  direct ions;  
it w a s  par t icu lar ly  good circumferentially. 

The 58O-65O leading edge showed the best 

Effect of Compression-Surface Bleed 

The t e s t s  t o  determine the  effect  of compression-surface bleed were 
made with i n l e t  11-B, de t a i l s  of which a re  shown i n  f igu re  &(e ) ,  with 
provisions made f o r  diver ter  boundary-layer removal by discharging through 
ex i t s  at the  top  and bottom of the  in l e t .  
s l o t  configuration used with diver ter  B, shown i n  f igure  4 (c ) ,  was s imilar  
i n  s l o t  location t o  configuration 7 which was used with d ive r t e r  A. 
Diverter B simulated an in s t a l l a t ion  as  would be used on a f u l l - s i z e  
a i rplane and l e f t  the  vacuum system available f o r  compression-surface 

The d iver te r  boundary-layer 
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suction. Results of t e s t s  of i n l e t  11-B with 
bleed, shown i n  f igure 14, showed an increase 

no compression-surface 
i n  pressure recovery t o  . 

0.85,~compared with 0.83 i o r  d iver te r  A with s l o t  configuration 7 .  Since 
t h e  s l o t  configurations of d iver te rs  A and B were similar, the difference 
i n  pressure recovery would seem t o  be associated with t h e  d iver te r  shape, 
diver ter  B being wider than d iver te r  A due t o  addition of boundary-layer 
e x i t s  at t he  s ides .  
s l o t s  for d iver te r  B, 0.02, estimated from a s t a t i c -  and a total-pressure 
tube a t  each ex i t ,  w a s  much smaller than with d iver te r  A. During the  

' t e s t s  with d iver te r  A, it w a s  observed t h a t  t he  normal shock could be 
made t o  move i n t o  the  i n l e t  with a very small mount of suction applied, 
indicating t h a t  t he  boundary-layer removal system would not need t o  be 
capable of handling the high bleed m a s s  flows f o r  d iver te r  A t o  be 
effect ive.  

The maximum bleed-mass-flow r a t i o  through the  d iver te r  

The performance of i n l e t  11-B with compression-surface bleed, through 
several  compression-surface s l o t  configurations, i s  shown i n  f igu re  14. 
The maximum pressure recovery w a s  approximately 0.90, as compared with 
0.83 for  i n l e t  1 1 - A  with no boundary-layer bleed, and 0.87 f o r  t he  bes t  
d iver te r  boundary-layer-bleed configuration. 
t he  duct fo r  t he  seven-bleed-slot configurations w a s  l e s s  than t h a t  f o r  
the  four-slot  configurations due t o  t h e  increase of bleed mass flow. With 
suction on the seven compression-surface s l o t s  with t h e  d iver te r  s l o t s  
closed, the  pressure recovery dropped t o  0.86, indicat ing t h a t  both 
d iver te r  and compression-surface bleed are necessary t o  achieve maximum 
pressure recovery. 

The mass-flow r a t i o  through 

Figure 15 shows the peak pressure recovery f o r  several  compression- 
surface bleed-slot configurations. With the  seven-slot configuration and 
with four s l o t s  of reduced length, the  pressure recovery drops off a t  a 
bleed-mass-flow r a t i o  of approximately 0.06; with the  basic  four-s lot  
configuration the  drop w a s  a t  approximately 0.075. It should be noted 
t h a t  the values of peak pressure recovery obtained with configurations a t  
zero suction a re  lower than the peak pressure recovery from t h e  t e s t s  
with no-bleed s l o t s .  Since the compression surface i s  i n  a pressure 
gradient, as t h e  suction behind the compression surface i s  reduced, high- 
pressure air  w i l l  enter  t he  downstream s l o t s  and e x i t  through the  upstream 
s l o t s .  Another fac tor  contributing t o  these differences resul ted from 
leakage behind the  compression surface. For the  t e s t s  previous t o  cu t t ing  
the  s l o t s  and grooves on the  back of t he  compression surface, t he  metal- 
to-metal contact between the  back of the  compression surface and the duct 
w a s  close enough t o  prevent an appreciable amount of leakage from t h e  
high-pressure t o  the  low-pressure regions. Af'ter t he  grooves were cut,  
however, with l i t t l e  or no suction behind t h e  compression surface, high- 
pressure air  downstream could leak i n t o  the  grooves and escape i n t o  t h e  
low-pressure regions upstream. Thus, even with t h e  bleed s l o t s  closed, 
t he  no-compression-surface-slot t e s t s  could not be duplicated. Shown i n  
f igu re  15 a re  da ta  f o r  a t e s t  with the  s l o t s  closed, bu t  suction w a s  used P 
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t o  bleed a i r  around the edges of t he  compression surface. The pressure 
recovery vas as high (0.90) as  the  other bleed configurations and dropped 
off i n  pressure recovery as the bleed-mass-flow r a t i o  was reduced below 
0.045. Although the  r e su l t s  of these t e s t s  show t h a t  compression-surface 
bleed on an inlet of t h i s  type i s  quite e f fec t ive  i n  improving t h e  pres- 
sure recovery and t h a t  the  bleed-slot configuration i s  apparently not 
a t  a l l  c r i t i c a l ,  it does not give any exact minimum quant i t ies  of bleed 
mass flow necessary t o  achieve t h e  improved pressure recovery. 

Total  pressure dis t r ibut ions a t  t he  compressor s t a t i o n  f o r  the i n l e t  
w i t h  compression-surface bleed are shown i n  f igure 16. For the four s l o t  
configurations shown, a l l  had about the same radial d i s to r t ion  as the  
corresponding i n l e t  without compression-surface bleed; t he  circumferential  
d i s t r ibu t ion  w a s  qui te  good. 

The shadowgraphs of i n l e t  11-B with d iver te r  suction and with and 
without compression-surface bleed a r e  shown i n  f igure  17. I n  nei ther  
case does the  normal shock seem t o  be completely swallowed f o r  super- 
c r i t i c a l  operation as it was f o r  diver ter  A w i t h  suction. 
compression-surface bleed, f o r  c r i t i c a l  operation, the  second shock wave, 
caused by the  f ron t  of the  compression surface, seem t o  have moved for-  
ward w i t h  increased back pressure. 
compression surface w a s  tending t o  separate, which does not appear t o  be 
t h e  case with compression-surface bleed s ince the  second shock wave 
appeared independent of back pressure i n  t he  duct. 

Without 

This suggests t h a t  t he  flow on the  

Performance of I n l e t  111-B 

The performance of i n l e t  111-B i s  presented i n  f igure  18. This 
i n l e t  was t e s t ed  at  Mach numbers of 1.76 and 1.60 i n  addition t o  2.02 
a t  which the  previous configurations were tes ted .  The e f f ec t s  of 
compression-surface posit ion (measured as shown i n  f i g .  3) and compression- 
surface bleed were investigated and the var ia t ion of pressure recovery 
and mass flow f o r  the Mach number range was determined. 

The r e s u l t s  of the  t e s t s  a t  &, = 2.02 a re  shown i n  f igure  18(a) 
w i t h  s i x  compression-surface s l o t s  and f igure  18(b) with four compression- 
surface s l o t s .  The c r i t i c a l  pressure recovery w a s  comparable with the  
bes t  pressure recovery of i n l e t  11-B. The subc r i t i ca l  s t a b i l i t y ,  however, 
was subs tan t ia l ly  greater f o r  i n l e t  111-B. The subc r i t i ca l  s t a b i l i t y  
range with s i x  s l o t s  w a s  about twice t h a t  f o r  four s l o t s .  The e f f e c t  of 
compression-surface posit ion or compression-surface bleed-slot  configura- 
t ions  on the  mass-flow r a t i o  was quite s m a l l ;  t he  maximum mass-flow r a t i o  
of i n l e t  111-B was l e s s  than t h a t  of i n l e t  11-B w i t h  e i t he r  s i x  or four 
compression-surface s l o t s .  Total-pressure d is t r ibu t ions  of i n l e t  111-B, 
f igures  19(a) and l g ( b ) ,  f o l l m  t h e  pat tern of i n l e t  1 1 - A  and show very 
l i t t l e  effect  of compression-surface posi t ion or bleed-slot  configurations. 
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The results of the tests at M, = 1.76 are presented in fig- 
ure 18(~) with four compression-surface slots and in figure 18(d) with 
no compression-surface slots. With four compression-surface slots the 
critical pressure recovery, maximum mass-flow ratio, and stable sub- 
critical mass-flow range were very little changed from the 
tests. 
measurably as the compression surface was move forward. 
pressure distributions, figures lg(c) and lg(d), show very little effect 
of compression-surface position or compression-surface bleed; the decrease 
in free-stream Mach number, however, did increase the distortion. 

T 

M, = 2.02 
With no compression-surface slots the mass-flow ratio decreased 

The total- 

The results of the tests at h& = 1.60 are presented in fig- 
ure 18(e). With four compression-surface slots, the performance was 
unaffected by compression-surface position. The maximum pressure recovery 
was 0.91, a value 0.03 higher than the maximum pressure recovery of the 
% = 2.02 and 1.76 
With no compression-surface slots, the peak pressure-recovery value at 
M, = 1.60 was reduced slightly. The compression-surface position of 
1.1 inches was tested without bleed to find the effect of failure of the 
compression surface to move rearward from the 
upon deceleration to lower speeds. The entire curve was shifted to the 
left and upwards slightly; the peak pressure recovery increased to about 
0.93 and the maximum entering-mass-flow ratio decreased about 0.25 from 
the design position for 4 = 1.60. The flow was quite steady despite L 

the large quantity of air being spilled. 
shown in figures lg(e) and l9(f) show very little change from the 
M, = 1.76 

tests, and barely exceeded the normal shock recovery. 

M, = 2 design position 

The total-pressure distributions 

tests, the distortion remaining approximately the same. 

Shadowgraphs of the inlet 111-B tests are presented in figure 20. 
These shadowgraphs of tests with four compression-surface slots were 
typical of the shock-wave configurations for each Mach number. 
shock seemed to have been swallowed at minimum back pressure in all cases 
shown. 

The normal 

Tests of Buzz Suppressors 

Tests of inlet 11-B at = 2.02 and inlet 111-B at &, = 1.76 
were made with the buzz suppressors installed as shown in figure 4(f). 
These were designed to extend into the airstream in case of failure of 
the bypass-door control mechanism and thus to stabilize the normal-shock 
position to prevent severe buzz until the airplane can be decelerated to 
some speed at which the inlet will not buzz. 
M, = 2.02 were made without the perforations, but the flow ahead of the 
inlet was unsteady at all operating conditions; this unsteadiness was 
eliminated, however, by perforating the buzz suppressors. At M, = 1.76 
the flow was steady with and without perforations, but since the perfora- 

Preliminary tests at 

1 
tions would be required at t number, data are presented for 
the perforated configuration 7 
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Data a t  l.&, = 2.02 fo r  i n l e t  11-B and a t  = 1.76 f o r  i n l e t  111-B 
a re  shown i n  f igure 21. 
passing through the  h = 0 curve a t  an assumed operating point.  If the  
buzz suppressors a re  extended the operating point w i l l  become t h e  in t e r -  
sect ion of the data  curve, corresponding t o  the  value of h t o  which 
they a re  extended. Thus, at Ea, = 2.02, i f  t he  buzz suppressors axe 
f u l l y  extended (h = 0.9 inch),  t he  equilibrium pressure recovery and 
mass-flow r a t i o  a re  0 . 9  and 0.60, respectively. 
of h were tes ted  a t  % = 2.02 t o  determine the f e a s i b i l i t y  of 
extending the  buzz suppressors i n  a more gradual manner t o  eliminate 
such a large sudden change i n  mass flow and pressure recovery. Values 
of h below 0.5 inch resul ted i n  a decrease i n  pressure recovery, but 
t he  decrease i n  mass-flow r a t i o  w a s  insuf f ic ien t  t o  in te rsec t  the con- 
s t an t  corrected weight-flow curve. A t  values of h between 0.5 inch 
and 0.8 inch, the amount of subcr i t ica l  s t a b i l i t y  was not proportional 
t o  the  height of the  buzz suppressors. 

Included i s  a l i n e  of constant corrected a i r  flow, 

Intermediate values 

Total-pressure d is t r ibu t ions  of several  values of h f o r  t he  
& = 2.02 t e s t s  and for h = 0.9 inch a t  l& = 1.76 are  shown i n  
f igure  22. 
expected of an i n l e t  operating a t  such low pressure recovery and mass- 
flow r a t i o s .  
l i n e  of constant corrected a i r  f l o w  of f igure  21. 
w a s  decreased below these points, the pressure d is t r ibu t ion  improved 
rapidly,  due t o  decreased veloci ty  through the  duct. 
p ro f i l e s  shown, therefore,  represent the worst conditions at  which t h e  
i n l e t  would be required t o  operate. 

The amount of d i s tor t ion  w a s  not excessive. This w a s  t o  be 

The contours were taken from the  t e s t  point c losest  t o  t he  
A s  t h e  mass-flow r a t i o  

The total-pressure 

Shadowgraphs of the flow with the buzz suppressors a re  sham i n  f ig -  
ure 23. 
operating conditions. With h = 0.9 inch a t  both M, = 1.76 and 2.02, 
t he  normal shock i s  moved forward with increasing back pressure; whereas, 
with h = 0.6 inch a t  % = 2.02, the shock i s  not noticeably displaced. 
Thus, with 
normal shock becomes unstable i s  greater than fo r  
was only with the  buzz suppressors f u l l y  extended (h = 0.9) t ha t  movement 
of t h e  normal shock permitted a l a r g e  amount of spi l lage.  

A normal shock wave stands ahead of the buzz suppressors at  a l l  

h = 0.9 inch the  amount of sp i l lage  possible before the  
h = 0.6 inch and it 

Tests of Rearward-Facing Control Tubes 

The r e s u l t s  of the  t e s t s  of the rearward-facing control  tubes located 
on the  inboard w a l l  of the  duct are  presented i n  f igure  24. 
these tubes and t h e i r  locations axe sham i n  f igure  4(g) .  
tubes were tes ted  with i n l e t  11-B at  
surface s lo t s ,  and with i n l e t  111-B  a t  

Detai ls  of 
The control  

& = 2.02 with seven compression- 
% = 2.02, 1.76, and 1.60 with 
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four compression-surface s i o t s .  A t  & = 2.02 the  control  pressure at 
a l l  points i n  both i n l e t s  increased abruptly as the  normal shock wave 
moved forward and continued t o  increase with decreasing corrected a i r  
flow. 
flow w a s  considered adequate t o  provide a control  s igna l  t o  a bypass- 
door mechanism. For the  &, = 1.76 and 1.60 t e s t s  with i n l e t  111-B, 
the  curves became f l a t t e r  near t he  minimum corrected air-flow points 
and the  tubes did not respond individually.  Thus, t he  problem of using 
t h e  rearward-facing control tubes t o  indicate  t h e  normal-shock posi t ion 
or t o  provide a s ignal  f o r  control  of bypass doors becomes more d i f f i c u l t  
as the  free-stream Mach number i s  decreased. This d id  not seem t o  be 
associated with the farther-downstream locations of the  control  tubes, 
since the charac te r i s t ics  of a l l  tubes were similar f o r  the lower f ree-  
stream Mach numbers. The presence of t he  control  tubes i n  t h e  duct had 
no noticeable e f f ec t  on pressure recovery, mass-flow r a t i o ,  or t o t a l -  
pres sure d i  s tr ibut  i on. 

The pressure var ia t ion of each tube with changing corrected a i r  

SUMMARY OF RESULTS 

An experimental invest igat ion of t he  performance of a l / l0-scale  
semie l l ip t ica l  scoop i n l e t  designed f o r  Mach number 2.0 w a s  conducted i n  
a j e t  f a c i l i t y  of the  Langley gas dynamics laboratory. 
a t  Mach numbers of 2.02, 1.76, and 1.60, and Reynolds numbers of 2.05, 
2.14, and 2.26 x lo6 per inch, respectively.  The e f f ec t  of boundary- 
layer  bleed, leading-edge configuration, the  performance of a device t o  
extend t h e  subc r i t i ca l  s t a b i l i t y  of t h e  i n l e t ,  and charac te r i s t ics  of 
rearward-facing control  tubes near the  i n l e t  th roa t  were investigated.  
The following results were obtained: 

Tests were m a d e  

1. An increase of pressure recovery from 0.83 t o  0.90 at  a Mach 
number of 2.02 w a s  obtained by use of boundary-layer bleed on the  
d iver te r  and compression surface near the  i n l e t  th roa t .  An increase i n  
critical mass-flow r a t i o  of 0.03 and improvement of the circumferential  
t o t  al-pres sure d i  s t r i b u t i  on a l so  resul ted . 

2. Improved s t a r t i n g  and increased pressure recovery resul ted from 
cu t t ing  s l o t s  i n  t h e  leading edge or otherwise re l iev ing  t h e  leading 
edge near the  d iver te r .  

3. Generally, modifications t o  the  i n l e t ,  which resul ted i n  improved 
s t a r t i n g  charac te r i s t ics  and higher pressure recovery, decreased the  sub- 
c r i t i c a l  s t a b i l i t y  range. 

4. Adequate d iver te r  bleed could be provided'by using a d iver te r  
which exhausted the  bleed a i r  t o  the  f r e e  stream. 
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5. For the configuration tes ted  a t  a l l  three Mach numbers (2.02, 
1.76, and 1.60), t he  pressure recovery, entering mass-flow ra t io ,  and 
total -pressure d is t r ibu t ion  showed l i t t l e  e f f ec t  of free-stream Mach 
number. 

6. Sat isfactory buzz suppression f o r  emergency purposes was obtained 
by extending perforated p la tes  i n t o  the airstream ahead of the  i n l e t .  

7. Tests a t  a Mach number of 2.02 of the r e w a r d - f a c i n g  control  
tubes near the  i n l e t  th roa t  showed the normal shock posit ion could be 
determined. 
weight flow was considered adequate t o  provide a control s ignal  t o  a 
bypass door mechanism. 
could not be precisely determined from the control tubes. 

The pressure var ia t ion of each tube with changing corrected 

A t  the  lower  Mach numbers, t he  shock posi t ion 

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va. ,  June 24, 1957. 
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shown wi th  side-wall  s lots Leading edge I a l l  thre  
open ( l e a d i n g  edge I b )  - 

I --------- --- -- - - 

k- 5.45 -‘C.lO 
Leading edge I1 

- 
Sec t ion  A-A 

Leading edge I11 

(a) Leading edges. 

Figure 4.- Details of model. (Dimensions are in inches.) 



00-650, 2oo-65O, 360-6501 and 58'-65' leading edges 

Section A-P. 

58O-7lo leading edge 

Staggered leading edges. 

Figure 4.- Continued. 
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Sec t ion  B-B 
Diverter  B 

( c )  Boundary-layer diver ters .  

Figure 4.- Continued. 
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Configuration 5 
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Removable boundary- 
layer suction plate 

configuration 3 
Configuration 7 

Note: Al l  slots and holes are  
swept back 45' from surface; 
all slots except configuration 1 
are 0.060 wide; all holes are 
0.060 diameter 

-_ - - 
FFl 

(d) Diverter A s l o t  configurations . 
Figure 4.- Continued. 
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Mass-f low rat io, m /moo 

(a) Variation of pressure recovery 
with mass- flow rat io 

(b) Total-pressure distribution 
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Figure 5.- Performance of i n l e t  I - A .  I&, = 2.02. L-57- 2700 
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Figure 24.- Characteristics of rearward-facing control tubes located on 
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(b) Inlet 111-B with four compression-surface s lo t s .  M, = 2.02. 

Figure 24. - Continued. 
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(d) Inlet 111-B w i t h  fou r  compression-surface s l o t s .  M,,, = 1.60. 

Figure 24. - Concluded. 
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